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Abstract: There is a growing recognition of the role of built environment attributes, such as streets,
shops, greenways, parks, and public transportation stations, in supporting people’s active behaviors.
In particular, surrounding built environments may have an important role in supporting healthy
active aging. Nevertheless, little is known about how built environments may influence active
lifestyles in “super-aged societies”. More robust evidence-based research is needed to identify how
where people live influences their active behaviors, and how to build beneficial space in the context of
super-aged societies. This evidence will also be informative for the broader international context,
where having an aging society will be the inevitable future. This commentary sought to move
this research agenda forward by identifying key research issues and challenges in examining the
role of built environment attributes on active behaviors in Japan, which is experiencing the longest
healthy life expectancy, but rapid “super-aging”, with the highest proportion of old adults among its
population in the world.
Keywords: urban design; active living; aging; physical activity; sedentary behavior; age-friendly
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1. Built Environments, Physical Inactivity, and Aging
Physical inactivity (defined as lack of exercise and prolonged sitting time) is one of the leading
risk factors for most chronic diseases [1,2]. For example, a systematic review using meta-analysis found
an inverse relationship between physical activity and type 2 diabetes [3]. Another recent meta-analysis
review of 47 studies demonstrated the association between too much sitting time with chronic disease
risk, regardless of time spent in physical activity [4]. Nevertheless, the rate of physical inactivity has
been constantly increasing across the world over the last decades [5]. For instance, a study using
pooled data from 76 countries found one in five adults in the world is physically inactive [6].
Motivating individuals to make lifestyle changes is important in promoting physical activity and
reducing sedentary behavior [7]. However, since people’s daily active behaviors are highly habitual
(not involving conscious decisions), such interventions targeting individual motivation may not be
totally effective [8]. There is a growing recognition of the role of built environment attributes, such as
streets, shops, workplaces, greenways, parks, and public transportation stations, in supporting people’s
active behaviors [9,10]. For instance, an international study using data from 14 cities worldwide found
built environment attributes, including higher residential density, well-connected street network,
availability of public transport, and higher number of parks, to be positively associated with adults’
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physical activity [11]. The fundamental assumption is that even if the effects of built environment
interventions on each person’s behavior is small, the overall population effect can be large, and these
effects may be sustained over a relatively long-term period [12].
The world population is aging, with the number of persons aged 60 or over expected to be more
than double by 2050, compared to 2017, and the number of super-aged societies has been continually
increasing [13]. According to the United Nations, a super-aged society refers to a society where more
than 20% of their total population is aged 65 years and older. People’s ability to be active and their
mobility gradually declines as they age; because of their declining physical function [14]. Older
adults may be interested in doing physical activity, but their physical function may substantially limit
their mobility. Therefore, their surrounding immediate environment may play an important role in
supporting healthy active aging [15,16]. While few studies exist in other regions [17,18], there are
many studies examining associations of environmental attributes with active behaviors conducted
in developed societies in New Worlds, such as the United States, Canada, and Australia (which
are characterized by a Western colonization history, high car dependency, and large proportions
of relatively young immigrants). In particular, little is known about how such attributes may
influence active lifestyle in super-aged, non-anglosphere societies, such as Japan and Germany [15,19].
For example, in a recent systematic review of built environment attributes related to older adults’ active
travel, only one study (out of 42) was conducted in Japan (and no studies were from Germany) [19].
More robust evidence-based research is needed to identify how where people live influences their active
behaviors, and how to build beneficial space in the context of super-aged societies. This evidence will
also be informative for the broader international context, where having an aging society will be the
inevitable future.
This commentary sought to move this research agenda forward by identifying key research issues
and challenges in examining the role of built environment attributes on active behaviors in Japan,
which is experiencing the longest healthy life expectancy, but rapid “super-aging”, with the highest
proportion of old adults among its population in the world.
2. Key Issues in Activity-Friendly Built Environment Research in Japan
Although the Japanese are the healthiest population in the world, the rate of physical inactivity is
increasing in Japan, following the global trend. For instance, according to a study using a nationally
representative sample of Japanese adults, the number of adults’ daily walking steps has gradually
decreased since approximately 1998–2000 [20]. Japanese adults also reported the highest amount of
sitting time per day among 20 countries [21]. In addition, Japan is already a super-aged society with
26.6% of its total population aged 65 years and over in 2015 [22]. Therefore, promoting physical activity
has become one of the major public health targets in Japan. “Health Japan 21”—the national plan for
health promotion—emphasizes the importance of environments for supporting an active and healthy
lifestyle [23].
Several studies conducted in Asian countries examined how environmental attributes can
influence active behaviors [24–26]. Similarly, the associations between built environment attributes
and active behaviors have been investigated in several previous studies in Japan [27–34]. For instance,
several perceived environmental measures, including residential density, access to shops, sidewalk
availability, and availability of bike lanes, were found to be positively associated with adults’ physical
activity in two areas in Japan [28]. Another study found objective measures of population density
and the presence of parks to be positively associated with Japanese older adults’ leisure physical
activity [33]. And, a recent Japanese study found that residents who lived in areas with well-connected
streets were likely to report more walking and less driving, compared with those who lived in
less-connected areas [31]. These studies shed light on better understanding the environmental
correlates of active behaviors in Japan. They especially provide preliminary evidence about the
importance of perceived neighborhood attributes in supporting an active lifestyle. The identified set of
influential environmental attributes are somewhat like those reported in the United States, Canada,
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and Australia. Nevertheless, there are several issues about activity-friendly built environments in
Japan—as a super-aged society—which need to be investigated.
2.1. Shrinking Cities: An Active Living Opportunity or a Threat?
The Shrinking Cities International Research Network [35] defined a shrinking city as “a densely
populated urban area with a minimum population of 10,000 residents that has faced population
losses in large parts for more than two years and is undergoing economic transformations with some
symptoms of a structural crisis” [36]. Japan’s population has been continually declining since 2005.
Except for a few metropolitan areas (such as Tokyo, Osaka, and Nagoya), many other parts of Japan,
especially small towns and rural areas, are experiencing severe shrinking. As an emerging research
agenda in urban design and planning, shrinking cities may produce many new challenges [37,38].
In relation to activity-friendly neighborhoods, urban shrinking means that Japanese cities and towns
can become far less dense and eventually unable to sustain enough facilities to support daily lives,
such as retail stores and public transportation, in the near future. Higher residential density has been
consistently found to be associated with people’s active behaviors [11,39]. For example, a Japanese
study found the average physical activity levels in Japanese cities to be positively correlated with their
urban population density [40]. Therefore, managing urban shrinking can potentially be a future issue
for walkability in Japan.
At the same time, urban shrinking may create a new opportunity to reshape built environments
as more walkable, since newly available vacant houses and spaces will emerge over the entire city
region [41]. A key issue in using these newly available spaces in cities will be “land use mix”, referring
to having a variety of destinations such as homes, shops, parks, schools, offices, and train stations
within a given area. Previous studies have identified land use mix as one of the main neighborhood
walkability features [42,43]. The underlying assumption is that those people who live in an area with
a high level of land use mix may have better opportunities to be active within their area. This indicates
that encouraging land use mix in neighborhood (re)development plans can be key for supporting
an active lifestyle. In the context of the United States, the unwalkable residential suburbs, which
are occupied by only single-family houses, emerged through the Euclidian zoning system, which
allows exclusively single land use for designated zones. Due to the lack of a rigid regulation scheme,
Japanese suburbs have occasionally developed unintended mixed land use of various residential
zones with commercial, industrial, and agricultural zones in relatively small areas in the age of urban
sprawl. However, uncontrolled mixed land use development is not necessarily beneficial for health.
For instance, it may increase noise and crime risks, and the emerged landscape is likely to be chaotic
and aesthetically less attractive. How to control suburbanization and how to manage the use of newly
available (but sporadically) emerging new spaces in existing built-up areas for creating opportunities
that support an active lifestyle is vital for the future of shrinking cities.
In response to urban shrinking, Japanese local and national governments are now encouraging
compact city policies. The policy may keep enough population density in residential areas to sustain
urban facilities, which are an important element of walkability. It may also reduce car dependency
of residents by sustaining public transportation service. Compact city may be a response to urban
shrinking in cities where already experiencing shrinking; and it may not be a solution to avoid
urban shrinking in other areas. In addition, while compact city policies have been widely advocated
across the world, their health effects have not been fully examined [44]. Future research is needed to
identify challenges and opportunities raised by urban shrinking in super-aged societies in relation to
activity-friendly neighborhoods.
2.2. Extreme Levels of Environmental Attributes
Apart from land use mix, several differences exist in built environment attributes influencing
active life between Japan and Western societies. For example, slope is an environmental attribute that
Japanese cities have in extreme levels compared to the United States., Canadian, and Australian cities.
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About three-quarters of the national land of Japan is mountains, and the residential areas are limited
to only four percent of the national land [45]. Slope is one of the typical features of Japanese cities
and suburbs. It is not uncommon to see steep slopes (greater than 25 percent), even in central parts of
Japanese cities (Figure 1). Some previous studies have shown the positive effects of slope on type 2
diabetes, assumingly through vigorous physical activity [46,47]. However, slope (and subsequently
stairs) has been identified as one of the barriers for the elderly to be physically active within their
neighborhoods [48–50]. Most previous studies examining accessibility measures of built environments,
such as access to shops, train stations, and parks, in relation with active behaviors, did not take into
account the slope factor [50]. Another extreme level of environmental attribute in Japanese cities is
residential density. For instance, the city of Nagoya in Japan has a population density of 7080 persons
per square kilometer [51], whereas the population density of Melbourne (the most dense capital city in
Australia) is only 450 people per square kilometer [52].
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The relationship between environment and active behavior may not be always linear: there may
be specific levels (thresholds) over which the effects of a built environment attribute on a behavior
may change, especially among the elderly [53,54]. For example, there may be specific amounts of slope
or residential density beneficial for elderly active behaviors and health. Nevertheless, most evidence
on the importance of built environments on active behaviors comes from Western countries with
relatively less extreme levels of environmental attributes [17,18]. This suggests that it is not clear how
extreme levels of these environmental attributes may shape elderly’s active behaviors. Investigating
the effects of built environments on active behaviors in Japan can provide the international field with
an opportunity to identify the optimal values of these environmental attributes for supporting an
active aging life.
2.3. Exposures to Environments: Time/Place in Active Behaviors
Not only levels but also the way people are exposed to environments or use surrounding
environmental opportunities can be distinctively different between societies. In particular, temporality
is an important issue in investigating the relationships between environmental attributes and active
behavior [55,56]. People are exposed to different types of environments in daily life depending on
their mobility status. Consequently, their active behaviors are influenced not only by their immediate
residential environment, but also by a broader environmental context. There are several reasons why
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the temporality in the relationships between environment and behavior may be more important in
the context of Japan compared with other regions. First, safety from crime is relatively higher in
Japan than other industrialized societies [57]. Since there is a low crime rate even at night-time, time
restrictions for walking outside are minimal in Japan. Second, since most convenience stores in Japan
are open 24 h a day and 7 days a week, there are still people walking to their local convenience stores
even at midnight. Finally, Japan benefits from an efficient public transportation system that includes
trains and buses, especially within urban areas. This efficient public transport system enhances the
elderly’s mobility and enables them to travel far from their homes (and be exposed to a wide range
of environments) in their daily life. Therefore, future studies in Japan need to include time-specific
measures of environment and active behaviors.
2.4. Health Disparities, Environmental Equity, and Activity-Friendly Urban Design
Reducing health disparities is now a major goal of public health across the world [58]. Health
disparities across regions are increasing in Japan. A recent study published in Lancet has shown
widening life expectancies and clear variations of disease burden across the Japanese prefectures [59].
Larger health disparities may also exist at a smaller areal level in Japan [60]. Several previous
studies showed an association between physical activity levels and socioeconomic status (SES): more
disadvantaged people are likely to be less physically active [61,62]. For example, a systematic review
found people with high SES were more active than those with low SES during leisure time [61].
Mitigating the physical activity gap between low and high SES areas can be an important step in
reducing the health disparity, especially among elderly [63]. Inequitable distribution of environmental
attributes supporting physical activity (e.g., commercial destinations, parks, and well-connected
streets) across low and high SES areas may be one of the reasons for this gap. Several previous studies
showed those who lived in more deprived areas have less walkable built environment attributes [64,65].
For instance, a national study conducted in Germany found a significant positive association between
income level and the amount of urban green space [65]. However, some studies found either no
SES disparities or clear patterns in access to walkable neighborhood attributes [66,67]. For example,
a recent national study conducted in the United States found a complex relationship between SES and
walkable neighborhood attributes: those who lived in more disadvantaged areas, or in areas with more
educated people, had better environmental attributes conducive to walking [66].
Nevertheless, there are few studies yet to investigate whether disadvantaged people have poorer
walkable neighborhood attributes in Japan. For example, access to parks was found to be poorer for
disadvantaged areas in Yokohama City, Japan, compared with affluent areas [68]. Another recent
Japanese study found deprived neighborhoods to be less walkable in terms of population density,
street density, and access to commercial concentrations [69]. However, little is known if changes in such
environmental attributes could alter the health disparity. Considering the life course epidemiological
approach, past environmental disparities may contribute to health disparity in later life [70]. Identifying
both historical and geographical patterns between differing SES areas with walkable neighborhood
attributes will guide urban design interventions to reduce the physical activity gap between these
areas, and ultimately reduce the health disparities across regions.
3. Conclusions: Toward a Research Agenda
There has been a growing body of research examining how built environment attributes can
influence active behaviors. We have identified key issues and challenges providing robust evidence-
based research on the role of the surrounding physical environment on people’s active life in the context
of a super-aged society. To summarize, the following issues need to be investigated in future studies:
• explore challenges and opportunities that shrinking cities will have on active behaviors;
• identify optimal levels of environmental attributes, such as residential density and slope, needed
to support healthy active aging;
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• understand time/place in the elderly’s active behaviors (the way elderly are exposed to
environments or use surrounding environmental opportunities); and
• examine disparities in the distribution of activity-friendly environmental attributes.
In this commentary, our focus was only on walking, as the most common type of physical activity,
especially among older adults. There are other types of physical activities, such as exercise, which
may be of interest for elderly. Understanding how built environments may influence exercise among
elderly requires further research. Cross-disciplinary research, between urban design/planning, sport
sciences, public health, transport, geography, and gerontology, is needed to build evidence on how to
build, retrofit, and sustain activity-friendly built environments in the context of a super-aged society.
Author Contributions: M.J.K., K.O. and T.N. conceived the idea and drafted the paper. All authors contributed to
the writing and assisted with the interpretation. All authors have read and approved the final manuscript.
Funding: M.J.K. was supported by a JSPS Postdoctoral Fellowship for Research in Japan (#17716) from the Japan
Society for the Promotion of Science. T.N. was supported by Japan Society for the Promotion of Science KAKENHI
Grant Number JP15H02964 for this research. K.O. was supported by the MEXT-Supported Program for the
Strategic Research Foundation at Private Universities, 2015–2019 the Japan Ministry of Education, Culture, Sports,
Science and Technology (S1511017).
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Booth, F.W.; Roberts, C.K.; Laye, M.J. Lack of exercise is a major cause of chronic diseases. Compr. Physiol.
2012, 2, 1143–1211. [PubMed]
2. Owen, N.; Healy, G.N.; Matthews, C.E.; Dunstan, D.W. Too much sitting: The population-health science of
sedentary behavior. Exerc. Sport Sci. Rev. 2010, 38, 105–113. [CrossRef] [PubMed]
3. Aune, D.; Norat, T.; Leitzmann, M.; Tonstad, S.; Vatten, L.J. Physical Activity and the Risk of Type 2 Diabetes:
A Systematic Review and Dose–Response Meta-Analysis; Springer: New York, NY, USA, 2015.
4. Biswas, A.; Oh, P.I.; Faulkner, G.E.; Bajaj, R.R.; Silver, M.A.; Mitchell, M.S.; Alter, D.A. Sedentary time and its
association with risk for disease incidence, mortality, and hospitalization in adults: A systematic review and
meta-analysis. Ann. Intern. Med. 2015, 162, 123–132. [CrossRef] [PubMed]
5. Ng, S.W.; Popkin, B.M. Time use and physical activity: A shift away from movement across the globe.
Obes. Rev. 2012, 13, 659–680. [CrossRef] [PubMed]
6. Dumith, S.C.; Hallal, P.C.; Reis, R.S.; Kohl, H.W. Worldwide prevalence of physical inactivity and its
association with human development index in 76 countries. Prev. Med. 2011, 53, 24–28. [CrossRef] [PubMed]
7. Doyle, Y.; Furey, A.; Flowers, J. Sick individuals and sick populations: 20 years later. J. Epidemiol.
Community Health 2006, 60, 396–398. [CrossRef] [PubMed]
8. Marteau, T.M.; Hollands, G.J.; Fletcher, P.C. Changing human behavior to prevent disease: The importance
of targeting automatic processes. Science 2012, 337, 1492–1495. [CrossRef] [PubMed]
9. Sallis, J.F.; Floyd, M.F.; Rodríguez, D.A.; Saelens, B.E. Role of built environments in physical activity, obesity,
and cardiovascular disease. Circulation 2012, 125, 729–737. [CrossRef] [PubMed]
10. Sallis, J.F.; Owen, N. Ecological models of health behavior. In Health Behavior Theory; Glanz, K., Rimer, B.K.,
Viswanath, K., Eds.; Jossey-Bass: San Francisco, CA, USA, 2015; pp. 43–64.
11. Sallis, J.F.; Cerin, E.; Conway, T.L.; Adams, M.A.; Frank, L.D.; Pratt, M.; Salvo, D.; Schipperijn, J.; Smith, G.;
Cain, K.L. Physical activity in relation to urban environments in 14 cities worldwide: A cross-sectional study.
Lancet 2016, 387, 2207–2217. [CrossRef]
12. Chokshi, D.A.; Farley, T.A. Changing behaviors to prevent noncommunicable diseases. Science 2014, 345,
1243–1244. [CrossRef] [PubMed]
13. United Nations Population Division. World Population Prospects: The 2017 Revision—Key Findings and Advance
Tables; Working Paper No. ESA/P/WP/248; United Nations Population Division: New York, NY, USA, 2017.
14. Milanovic´, Z.; Pantelic´, S.; Trajkovic´, N.; Sporiš, G.; Kostic´, R.; James, N. Age-related decrease in physical
activity and functional fitness among elderly men and women. Clin. Interv. Aging 2013, 8, 549–556. [CrossRef]
[PubMed]
Int. J. Environ. Res. Public Health 2018, 15, 2054 7 of 9
15. Kerr, J.; Rosenberg, D.; Frank, L. The role of the built environment in healthy aging: Community design,
physical activity, and health among older adults. J. Plan. Lit. 2012, 27, 43–60. [CrossRef]
16. Rosso, A.L.; Auchincloss, A.H.; Michael, Y.L. The urban built environment and mobility in older adults:
A comprehensive review. J. Aging Res. 2011, 2011, 816106. [CrossRef] [PubMed]
17. Koohsari, M.J.; Sugiyama, T.; Sahlqvist, S.; Mavoa, S.; Hadgraft, N.; Owen, N. Neighborhood environmental
attributes and adults’ sedentary behaviors: Review and research agenda. Prev. Med. 2015, 77, 141–149.
[CrossRef] [PubMed]
18. Sugiyama, T.; Neuhaus, M.; Cole, R.; Giles-Corti, B.; Owen, N. Destination and route attributes associated
with adults’ walking: A review. Med. Sci. Sports Exerc. 2012, 44, 1275–1286. [CrossRef] [PubMed]
19. Cerin, E.; Nathan, A.; Van Cauwenberg, J.; Barnett, D.W.; Barnett, A. The neighbourhood physical
environment and active travel in older adults: A systematic review and meta-analysis. Int. J. Behav.
Nutr. Phys. Act. 2017, 14, 15. [CrossRef] [PubMed]
20. Inoue, S.; Ohya, Y.; Tudor-Locke, C.; Tanaka, S.; Yoshiike, N.; Shimomitsu, T. Time trends for step-determined
physical activity among Japanese adults. Med. Sci. Sports Exerc. 2011, 43, 1913–1919. [CrossRef] [PubMed]
21. Bauman, A.; Ainsworth, B.E.; Sallis, J.F.; Hagströmer, M.; Craig, C.L.; Bull, F.C.; Pratt, M.; Venugopal, K.;
Chau, J.; Sjöström, M. The descriptive epidemiology of sitting: A 20-country comparison using the
International Physical Activity Questionnaire (IPAQ). Am. J. Prev. Med. 2011, 41, 228–235. [CrossRef]
[PubMed]
22. Ministry of Internal Affairs and Communication. Statistical Handbook of Japan 2015; Statistics Bureau, Ministry
of Internal Affairs and Communication: Tokyo, Japan, 2015.
23. Ministry of Health Labor and Welfare. Health Japan 21 (The Second Term); Ministry of Health Labor and
Welfare: Tokyo, Japan, 2012.
24. Cerin, E.; Lee, K.-Y.; Barnett, A.; Sit, C.H.P.; Cheung, M.-C.; Chan, W.-M. Objectively-measured neighborhood
environments and leisure-time physical activity in Chinese urban elders. Prev. Med. 2013, 56, 86–89.
[CrossRef] [PubMed]
25. Ying, Z.; Ning, L.D.; Xin, L. Relationship between built environment, physical activity, adiposity, and health
in adults aged 46–80 in Shanghai, China. J. Phys. Act. Health 2015, 12, 569–578. [CrossRef] [PubMed]
26. Feng, J. The influence of built environment on travel behavior of the elderly in urban China. Transp. Res. Part
D Trans. Environ. 2017, 52, 619–633. [CrossRef]
27. Liao, Y.; Sugiyama, T.; Shibata, A.; Ishii, K.; Inoue, S.; Koohsari, M.J.; Owen, N.; Oka, K. Associations of
perceived and objectively measured neighborhood environmental attributes with leisure-time sitting for
transport. J. Phys. Act. Health 2016, 13, 1372–1377. [CrossRef] [PubMed]
28. Inoue, S.; Murase, N.; Shimomitsu, T.; Ohya, Y.; Odagiri, Y.; Takamiya, T.; Ishii, K.; Katsumura, T.; Sallis, J.F.
Association of physical activity and neighborhood environment among Japanese adults. Prev. Med. 2009, 48,
321–325. [CrossRef] [PubMed]
29. Ishii, K.; Shibata, A.; Oka, K. Environmental, psychological, and social influences on physical activity among
Japanese adults: Structural equation modeling analysis. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 61. [CrossRef]
[PubMed]
30. Inoue, S.; Ohya, Y.; Odagiri, Y.; Takamiya, T.; Ishii, K.; Kitabayashi, M.; Suijo, K.; Sallis, J.F.; Shimomitsu, T.
Association between perceived neighborhood environment and walking among adults in 4 cities in Japan.
J. Epidemiol. 2010, 20, 277–286. [CrossRef] [PubMed]
31. Koohsari, M.J.; Sugiyama, T.; Shibata, A.; Ishii, K.; Liao, Y.; Hanibuchi, T.; Owen, N.; Oka, K. Associations of
street layout with walking and sedentary behaviors in an urban and a rural area of Japan. Health Place 2017,
45, 64–69. [CrossRef] [PubMed]
32. Koohsari, M.J.; Sugiyama, T.; Shibata, A.; Ishii, K.; Hanibuchi, T.; Liao, Y.; Owen, N.; Oka, K. Walk Score®
and Japanese adults’ physically-active and sedentary behaviors. Cities 2018, 74, 151–155. [CrossRef]
33. Hanibuchi, T.; Kawachi, I.; Nakaya, T.; Hirai, H.; Kondo, K. Neighborhood built environment and physical
activity of Japanese older adults: Results from the Aichi Gerontological Evaluation Study (AGES). BMC Public
Health 2011, 11, 657. [CrossRef] [PubMed]
34. Inoue, S.; Ohya, Y.; Odagiri, Y.; Takamiya, T.; Kamada, M.; Okada, S.; Oka, K.; Kitabatake, Y.; Nakaya, T.;
Sallis, J.F. Perceived neighborhood environment and walking for specific purposes among elderly Japanese.
J. Epidemiol. 2011, 21, 481–490. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2018, 15, 2054 8 of 9
35. Wiechmann, T. What are the problems of shrinking cities? lessons learned from an international comparison.
In The Future of Shrinking Cities-Problems, Patterns and Strategies of Urban Transformation in a Global Context;
University of California, Berkeley: Berkeley, CA, USA, 2007; pp. 5–16.
36. Hollander, J.B.; Pallagst, K.; Schwarz, T.; Popper, F.J. Planning shrinking cities. Prog. Plan. 2009, 72, 223–232.
37. Martinez-Fernandez, C.; Audirac, I.; Fol, S.; Cunningham-Sabot, E. Shrinking cities: Urban challenges of
globalization. Int. J. Urban Reg. Res. 2012, 36, 213–225. [CrossRef] [PubMed]
38. Pallagst, K. The planning research agenda: Shrinking cities—A challenge for planning cultures. Town Plan.
Rev. 2010, 81, i–vi. [CrossRef]
39. Christiansen, L.B.; Cerin, E.; Badland, H.; Kerr, J.; Davey, R.; Troelsen, J.; van Dyck, D.; Mitáš, J.; Schofield, G.;
Sugiyama, T.; et al. International comparisons of the associations between objective measures of the built
environment and transport-related walking and cycling: IPEN adult study. J. Transp. Health 2016, 3, 467–478.
[CrossRef] [PubMed]
40. Oba, T.; Matsunaka, R.; Nakagawa, D.; Inoue, K. Analysis of the Relationship between Urban Characters
and Physical Activity Levels Based on the Travel Behavior Data. J. City Plan. Inst. Jpn. 2013, 48, 73–81.
(In Japanese)
41. Aiba, S. Folding a City: Urban Planning to Design Population Declining Age (Toshi wo Tatamu: Jinko Gensyo
Jidaiwo Dezainsuru Toshikeikaku); Kaden-sha: Tokyo, Japan, 2015. (In Japanese)
42. Frank, L.D.; Sallis, J.F.; Saelens, B.E.; Leary, L.; Cain, K.; Conway, T.L.; Hess, P.M. The development of
a walkability index: Application to the Neighborhood Quality of Life Study. Br. J. Sports Med. 2010, 44,
924–933. [CrossRef] [PubMed]
43. Owen, N.; Cerin, E.; Leslie, E.; Coffee, N.; Frank, L.D.; Bauman, A.E.; Hugo, G.; Saelens, B.E.; Sallis, J.F.
Neighborhood walkability and the walking behavior of Australian adults. Am. J. Prev. Med. 2007, 33,
387–395. [CrossRef] [PubMed]
44. Krupp, J.; Acharya, K. Up or out?: Examining the Trade-offs of Urban Form; The New Zealand Initiative:
Wellington, New Zealand, 2014.
45. Ministry of Land Infrastructure Transport and Tourism. Land and Climate of Japan. Available online:
http://www.mlit.go.jp/river/basic_info/english/land.html (accessed on 29 August 2018).
46. Villanueva, K.; Knuiman, M.; Koohsari, M.J.; Hickey, S.; Foster, S.; Badland, H.; Nathan, A.; Bull, F.;
Giles-Corti, B. People living in hilly residential areas in metropolitan Perth have less diabetes: Spurious
association or important environmental determinant? Int. J. Health Geogr. 2013, 12, 59. [CrossRef] [PubMed]
47. Fujiwara, T.; Takamoto, I.; Amemiya, A.; Hanazato, M.; Suzuki, N.; Nagamine, Y.; Sasaki, Y.; Tani, Y.;
Yazawa, A.; Inoue, Y.; et al. Is a hilly neighborhood environment associated with diabetes mellitus among
older people? Results from the JAGES 2010 study. Soc. Sci. Med. 2017, 182, 45–51. [CrossRef] [PubMed]
48. Rantakokko, M.; Wilkie, R. The role of environmental factors for the onset of restricted mobility outside the
home among older adults with osteoarthritis: A prospective cohort study. BMJ Open 2017, 7. [CrossRef]
[PubMed]
49. Rantakokko, M.; Mänty, M.; Iwarsson, S.; Törmäkangas, T.; Leinonen, R.; Heikkinen, E.; Rantanen, T. Fear of
moving outdoors and development of outdoor walking difficulty in older people. J. Am. Geriatr. Soc. 2009,
57, 634–640. [CrossRef] [PubMed]
50. Edwards, N.; Dulai, J. Examining the relationships between walkability and physical activity among older
persons: What about stairs? BMC Public Health 2018, 18, 1025. [CrossRef] [PubMed]
51. Nagoya City. Statistical Sketch of Nagoya. Available online: http://www.city.nagoya.jp/en/page/
0000014120.html (accessed on 28 August 2018).
52. Australia Bureau of Statistics. Regional Population Growth, Australia, 2014–2015; Catalogue No. 3218.0;
Australia Bureau of Statistics: Canberra, Australia, 2016.
53. Koohsari, M.J.; Badland, H.; Giles-Corti, B. (Re)Designing the built environment to support physical activity:
Bringing public health back into urban design and planning. Cities 2013, 35, 294–298. [CrossRef]
54. Kaczynski, A.T.; Potwarka, L.R.; Smale, B.J.; Havitz, M.E. Association of parkland proximity with
neighborhood and park-based physical activity: Variations by gender and age. Leis. Sci. 2009, 31, 174–191.
[CrossRef]
55. Kwan, M.-P. The limits of the neighborhood effect: Contextual uncertainties in geographic, environmental
health, and social science research. Ann. Am. Assoc. Geogr. 2018, 1–9. [CrossRef]
Int. J. Environ. Res. Public Health 2018, 15, 2054 9 of 9
56. Kwan, M.-P. The uncertain geographic context problem. Ann. Am. Assoc. Geogr. 2012, 102, 958–968.
[CrossRef]
57. Dijk, J.V.; Kesteren, J.V.; Smit, P. Criminal Victimisation in International Perspective; Boom Juridische Uitgevers:
Den Haag, The Netherlands, 2007.
58. World Health Organization. 10 Facts on Health Inequities and Their Causes; World Health Organization:
Geneva, Switzerland, 2017.
59. Nomura, S.; Sakamoto, H.; Glenn, S.; Tsugawa, Y.; Abe, S.K.; Rahman, M.M.; Brown, J.C.; Ezoe, S.;
Fitzmaurice, C.; Inokuchi, T. Population health and regional variations of disease burden in Japan, 1990–2015:
A systematic subnational analysis for the Global Burden of Disease Study 2015. Lancet 2017, 390, 1521–1538.
[CrossRef]
60. Nakaya, T. ‘Geomorphology’ of Population Health in Japan: Looking through the Cartogram Lens. Environ.
Plan. A 2010, 42, 2807–2808. [CrossRef]
61. Beenackers, M.A.; Kamphuis, C.B.; Giskes, K.; Brug, J.; Kunst, A.E.; Burdorf, A.; van Lenthe, F.J.
Socioeconomic inequalities in occupational, leisure-time, and transport related physical activity among
European adults: A systematic review. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 116. [CrossRef] [PubMed]
62. Farrell, L.; Hollingsworth, B.; Propper, C.; Shields, M.A. The socioeconomic gradient in physical inactivity:
Evidence from one million adults in England. Soc. Sci. Med. 2014, 123, 55–63. [CrossRef] [PubMed]
63. Frieden, T. Strategies for Reducing Health Disparities—Selected CDC-Sponsored Interventions, United States, 2014;
Foreword; MMWR Supplements; U.S. Department of Health and Human Services: Atlanta, GA, USA, 2014;
Volume 63, p. 1.
64. Riggs, W. Inclusively walkable: Exploring the equity of walkable housing in the San Francisco Bay Area.
Local Environ. 2016, 21, 527–554. [CrossRef]
65. Wüstemann, H.; Kalisch, D.; Kolbe, J. Access to urban green space and environmental inequalities in
Germany. Landsc. Urban Plan. 2017, 164, 124–131. [CrossRef]
66. King, K.E.; Clarke, P.J. A disadvantaged advantage in walkability: Findings from socioeconomic and
geographical analysis of national built environment data in the United States. Am. J. Epidemiol. 2014, 181,
17–25. [CrossRef] [PubMed]
67. Gullón, P.; Bilal, U.; Cebrecos, A.; Badland, H.M.; Galán, I.; Franco, M. Intersection of neighborhood dynamics
and socioeconomic status in small-area walkability: The Heart Healthy Hoods project. Int. J. Health Geogr.
2017, 16, 21. [CrossRef] [PubMed]
68. Yasumoto, S.; Jones, A.; Shimizu, C. Longitudinal trends in equity of park accessibility in Yokohama, Japan:
An investigation into the role of causal mechanisms. Environ. Plan. A 2014, 46, 682–699. [CrossRef]
69. Koohsari, M.J.; Hanibuchi, T.; Nakaya, T.; Shibata, A.; Ishii, K.; Liao, Y.; Oka, K.; Sugiyama, T. Associations
of neighborhood environmental attributes with walking in Japan: Moderating effects of area-level
socioeconomic status. J. Urban Health 2017, 94, 847–854. [CrossRef] [PubMed]
70. Pearce, J.; Shortt, N.; Rind, E.; Mitchell, R. Life course, green space and health: Incorporating place into life
course epidemiology. Int. J. Environ. Res. Public Health 2016, 13, 331. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
